Project/problem-based learning (PBL) can provide an effective model for school reform when implemented with fidelity. In the report, Rising Above the Gathering Storm, it was recommended that if the U.S. is to remain competitive in the 21 st -century economy, there must be a serious effort to "enlarge the pipeline of students who are prepared to enter college and graduate with a degree in STEM" (
Introduction
Creating and implementing new school models to meet the needs of students and society is a challenging task. In the current era of school accountability, the stakes can be high when implementing new models if things go awry. In the state of Texas, new charter school models must be "innovative" and utilize "innovative teaching methods" (Texas Education Code, 2009 ). Although the term innovative is not defined in the statute, new charter schools are not intended to recreate traditional schools. The primary advantage of developing a charter school is that the designation provides relief from many state regulations. That said, charter schools are held to the same accountability standards as all public schools in Texas. It can be argued that struggling charter schools are held to a higher standard, because charter schools in Texas that do not meet the accountability standards for three out of five years are subject to closure by the state (Texas Education Code, 2013) .
This project examined a charter school district in Texas that did not meet the accountability standards on its initial launch and the role that formative evaluation played in turning the school district around. Formative evaluation is the process of examining a program with the goal of determining what is working, what is not working, and why it is, or is not working. Formative evaluation determines the efficacy of programs and serves as a guide for improvement (Rossett & Sheldon, 2001) . In this case, formative evaluation was a useful process to assist the district in examining its own processes and practices. Data were used to guide fiscal, personnel, and academic decisions. This included using existing fiscal and academic data sources maintained by the district and state accountability data, as well as collecting additional data to understand what went wrong.
Another goal of the evaluation was to embed ongoing evaluation strategies throughout the district and its programs. The U.S. Department of Education provides a guide for evaluation of education programs, Evaluation Matters, which includes an embedded evaluation model for school programs (U.S. Department of Education, 2014). Figure 1 illustrates an embedded evaluation design as presented in Evaluation Matters. September 2019 | Volume 13 | Issue 2
The Impact of PBL as a STEM School Reform Model
The Charter School Model Rationale
In the report, Rising Above the Gathering Storm, it was recommended that if the United States is to remain competitive in the 21 st -century economy, there must be a serious effort to "enlarge the pipeline of students who are prepared to enter college and graduate with a degree in [science, technology, engineering, and mathematics] STEM" (National Academy of Sciences, National Academy of Engineering, & Institute of Medicine, 2007, p. 6) . This could be accomplished by increasing the number of students who complete and pass advanced STEM courses. The report recommends states develop specialty STEM high schools:
Specialty secondary education can foster leaders in science, technology, and mathematics. Specialty schools immerse students in high-quality science, technology, and mathematics education; serve as a mechanism to test teaching materials; provide a training ground for K-12 teachers; and provide the resources and staff for summer programs that introduce students to science and mathematics. (National Academy of Sciences, National Academy of Engineering, & Institute of Medicine, 2007, p. 6) Given the shortage of students in STEM disciplines, the developers of the charter district submitted a charter application to create a district comprised of specialty STEM schools. Rather than create a new model, the charter operators adopted the Texas STEM (T-STEM) academy model. T-STEM academies follow a blueprint to create high quality secondary schools that prepare students for postsecondary STEM majors and careers in STEM fields. The T-STEM Academy Blueprint provides specific guidelines that academies must follow (Avery et al., 2010; Educate Texas, 2015) . There are two primary T-STEM academy models: standalone T-STEM academies and school-within-a-school T-STEM academies. For schools to be "STEM designated" by the Texas Education Agency as a T-STEM academy, districts and schools are required to address the following seven benchmarks: 
Step 4: Interpret
Step 5a: Inform
Step 1: Define
Step 2: Plan
Step 3: Implement 5. curriculum, instruction, and assessment; 6. strategic alliances; and 7. academy advancement and sustainability.
There have not been many studies on effectiveness of T-STEM academies in Texas. One factor has been the large number of school-within-a-school model implementations. Achievement data for schools using the school-within-a-school model are not disaggregated and are part of the overall school accountability results. As a result, it is not possible to use publically available data to determine the impact of academies implementing this model. However, achievement data in 2011 indicated T-STEM academies outperform peer schools in meeting college-readiness benchmarks. T-STEM academies scored at a 12% higher rate and achieved a 21% higher completion rate in dual credit and advanced placement courses (Texas Education Agency, 2018) . As of 2018, there were 132 T-STEM academies operating in the state of Texas.
Background
In 2011, the Texas Education Agency chartered a new school district that sought to implement the T-STEM academy model. One of the innovations of the new district was to expand the T-STEM model beyond the high school level and include all grade levels K-12. The district opened three stand-alone T-STEM academies. These new academies would modify the T-STEM High School Academy Blueprint to implement it at all levels for the K-12 continuum. Rather than start at the high school level, the district developed a model that would phase in grades over time to build a foundation of students and teachers (see Table 1 ). 
Grades
Year 3 In the district's submitted charter application, implementing the T-STEM Academy Blueprint was specifically referenced as the chosen model for the district's educational design. The district modified the blueprint to create two additional versions to account for elementary and middle grades. The original high school blueprint would remain the primary guiding document.
Benchmark 5 (curriculum, instruction, and assessment) was particularly important concerning the instructional pedagogy to be implemented throughout the district. Benchmark 5 specifically references Project/Problem-Based Learning (PBL) as the preferred primary instructional strategy for T-STEM academies. PBL was considered an appropriate instructional strategy for a STEM focused school. STEM, by its nature, is inquiry-driven, and PBL is an inquiry-based strategy. Inquiry-based pedagogical approaches are recommended in STEM education policy documents and in the research literature (Bransford, Brown, Cocking, & U.S. National Research Council, 1999; Bybee & Fuchs, 2006; National Research Council, 2000; National Research Council, 2012; National Science Teachers Association, 2011) .
PBL as an instructional strategy is not always taught as part of educator preparation programs in Texas. Therefore, teacher preparation issues were anticipated, and as a result, an intensive professional development program was created to prepare teachers. In the summer preceding the opening of the district academies, the district provided all teachers with six weeks of training. Designing projects and implementing PBL was the focus of four weeks of the training. During the school year that followed, teachers were provided an additional planning period during the day to allow more time for planning of PBL lessons.
In late spring 2013, state accountability tests were administered district wide. In August of 2013, the state released the results of the accountability tests that revealed the district did not meet the state accountability standard. In fact, the district scored in the bottom 5% when compared with all districts in the state.
The district administration believed they had followed the T-STEM Academy Blueprint. The district had provided intensive PBL training, planning time and follow-up professional development. PBL as a primary instructional strategy had been implemented across the district. What went wrong?
Concerned about the performance of the school, the school board authorized an internal evaluation report. The evaluation team consisted of university researchers and district personnel. The goal of the evaluation was to identify what went wrong and make recommendations for corrective action. Some board members blamed the PBL approach. The district charter obligated the school to provide instruction through PBL. Was PBL to blame for the failure on the state accountability assessments? September 2019 | Volume 13 | Issue 2
Evaluation Approach
In Texas, charter schools are required to implement the educational plan as submitted to the state of Texas in the charter application. Following the embedded evaluation model presented earlier, the evaluation team set to work by first examining the approved charter application and the T-STEM blueprints. Since this was not a traditional program evaluation, there was no initial logic model to reference. In lieu of a logic model, the evaluation team focused on the T-STEM Blueprint Rubric (Avery, Chambliss, Pruiett, & Stotts, 2010) that is an appendix to the blueprint document. The T-STEM Rubric served as a de facto logic model.
The T-STEM Rubric
"The T-STEM Academies Design Blueprint Rubric is intended to serve as a road map for benchmarks, program requirements, and indicators to facilitate individual STEM academy growth along the continuum of developing, implementing, mature, and role model" (Educate Texas, 2015, p. 10.) . T-STEM academies use the rubric to complete an assessment of fidelity to the T-STEM Academies Design Blueprint prior to and following each academic year as part of annual school improvement planning. In coordination with district personnel, the research team utilized the rubric as the guiding evaluation instrument to develop recommendations for identifying areas of strength and for addressing areas for growth in the District's Annual Action Plan.
An examination of the charter application confirmed that the T-STEM Academy Blueprint was the primary guiding document referenced. The charter also outlined the strategies for meeting the blueprint benchmarks. After a thorough examination of the approved charter application and the blueprint, the evaluation team concluded that the best approach to identifying what went wrong required a detailed examination of each of the benchmark metrics as outlined The Impact of PBL as a STEM School Reform Model in the blueprint rubric. The T-STEM Rubric suggested evidence and artifacts to support ratings on the rubric. Sources of evidence included existing data sources, financial records, attendance data, classroom artifacts, project lesson plans, teacher observations, administrative walk through forms, among other items with an eye on fidelity to the blueprint and to PBL as an instructional strategy. The T-STEM Rubric provides example artifacts that, when examined, determine how a STEM academy is progressing. Figure 2 is an example for Benchmark 5.1: curriculum, instruction, and assessment. The evaluation team and school district personnel began evaluating the school in comparison to the benchmarks and metrics outlined in the rubric. The timeline for the evaluation was very short. Evaluators were required to complete the preliminary evaluation within four weeks in order to disseminate the report to all stakeholders by October 1, 2013.
Student Population Served
An examination of district demographics indicated that the academies had lower proportions of economically disadvantaged students and English Language Learners (ELLs) than surrounding public schools and the state as a whole. Based upon comparisons of test scores of school districts with similar demographics, the district was underachieving. No other district with similar demographics was failing to meet the standard on state accountability measures. 
Blueprint Examination
The Blueprint Rubric was broken down based on the seven benchmarks and assigned to committees led by a university researcher. During the month of September, each committee met, examined artifacts, scored the rubric, and made recommendations to the district superintendent and board. In addition, researchers interviewed teachers and administrators for their insights. Evaluators also observed classrooms to examine PBL in action. Table 3 provides a summary of the findings of the evaluation of the individual benchmarks. The columns at the right of the table indicate progress on a benchmark. Ratings for each benchmark include:
• Role Model (R): There is evidence that the academy is a role model for other academies. • Mature (M): There is evidence that the academy has institutionalized. • Implementing (I): There is evidence that the academy is implementing. • Developing (D): There is evidence that the academy is planning for implementation.
• No Evidence (N):
There is no evidence that the academy is implementing.
The committees did not utilize the Mature (M) and Role Model (R) ratings in the rubric, as the academies had just completed one year of operation. There was no expectation that a newly approved district would be implementing the blueprint at the advanced levels. The final column contains an X if the committee concluded that benchmark metric should be a priority. Although the focus of the study was the district, each of the academy's data are included in the district evaluation. The academies are identified as follows: Academy 1 (A-1), Academy 2 (A-2), and Academy 3 (A-3).
Analyses
An examination of Table 3 revealed common areas of need across the district and within academies. The most pressing areas of concern included indicators from Benchmarks 4 and 5:
• Teacher quality: 100% of schools scored developing on this outcome. • Teacher support: 100% of schools were not implementing this element of the blueprint. • Use of data to inform practice and planning: 100% of schools were not implementing this element of the blueprint.
The evaluation team concluded that Benchmarks 4 and 5 had not been met with fidelity. A deeper examination of these two benchmarks was initiated. Benchmark 4 focuses on teacher selection, development, and retention. Under Benchmark 4, three critical indicators were not met. These included: The Impact of PBL as a STEM School Reform Model The Impact of PBL as a STEM School Reform Model Benchmark 4.1 B, "collaborative recruiting process for selecting highly qualified teachers" was evaluated (Educate Texas, 2015, p. 3) . In other words, how teachers were hired, supported, and retained. The district had created a hiring committee that included administrators and practitioners. On the surface, it appeared that the benchmark indicator was met. However, upon closer examination, evaluators found that state certification was the primary factor in hiring. The hiring process did not take into account the teacher's instructional background. Evaluators recommended changing the hiring process by requiring teacher applicants to submit videos of teaching and integrating technology into teaching. This would allow the hiring committee to view the instructional toolkit future teachers would bring to the district.
Benchmark 4.2 B focused on a professional development model for teacher continuous learning. The evaluation team reviewed agendas and held discussions with teachers and administrators to determine the content and opportunities for professional learning. It was concluded that professional learning was not focused and, furthermore, that teachers had great flexibility in participation. As a result, evaluators recommended that professional learning time be mandatory and focused, that school data be used to identify district teacher needs, and that professional learning plans be developed for school-wide needs as well as individual teacher needs.
Benchmark 4.3 required teachers to be provided with a common planning time within the structure of the school day. The district had indeed provided a common planning time in addition to the state mandated conference period. This additional time was supposed to be an opportunity for teachers to meet and collaborate on project development and to plan for student interventions to address student needs. Although teachers and administrators had received extensive training in PBL, an examination of artifacts (including teacher plans, observations of teachers teaching, and student products) indicated that teachers were struggling to develop high quality PBL lessons with adequate rigor. It was also found that teacher-developed problems and projects did not adequately align with state assessments. An examination of planning time also indicated that teachers were often using that time for other activities. The administrators had assumed that simply providing additional time would result in well-developed lessons. In addition, teachers did not utilize student data to plan their instruction. Teachers were provided a data tool to assist in analyzing student data, however, they were provided minimal training and ongoing support in the use of data tools. Because evaluators found the common planning time was not being used as designed, it was recommended that the common planning time be planned and coordinated to ensure teacher collaboration by grade level and discipline. The goal was to make sure that teachers utilize data to design projects, embed activities that support higher performance on state accountability assessments, and work together to improve school culture. Both horizontal and vertical alignment meetings were incorporated into the model. In addition, it was recommended that the district invest in instructional coaches to support teachers in professional learning and support PBL implementation.
Four indicators in Benchmark 5 were not met based on the rubric analysis. These included:
• Benchmark 5.1: Rigor: Aligned Curriculum and Assessment.
• Benchmark 5.2: STEM Focused Curriculum.
• Benchmark 5.3: Instructional Practices (Data-driven, PBL, Student Voice).
• Benchmark 5.6: Assessment Practices.
Benchmarks 5.1 and 5.2 required the district to develop rigorous "integrated STEM curriculum, assessment, and instruction for each academy" (Educate Texas, 2015, p. 8) . The district had not provided teachers with a scope and sequence for each grade level. Instead, the district wanted teachers to develop the curriculum and projects as the school year proceeded. Typically, teachers do not have the background or experience to develop high quality curriculum without the support of curriculum specialists. Discussions with teachers indicated high levels of frustration from trying to create curriculum at the appropriate level in a PBL environment that was new to teachers. Even though teachers had been provided extensive summer training, teachers indicated that additional support was needed throughout the year. The evaluation team's recommendation reiterated the need for instructional coaches to support teachers.
Benchmark indicator 5.3 required teachers to implement project-based and problem-based curriculum, instruction, and assessment. Teachers were struggling to develop and implement high quality PBL in the classroom. The evaluation team made additional recommendations to support teachers and make certain that PBL was implemented in the classroom with rigor and fidelity. A common assessment practice in schools is the administrator walk through. An examination of administrator walk through observation forms and teacher observation forms found a major disconnect between expected PBL instruction and what the observation form documented. Administration was using an observation form designed for traditional instruction. To achieve fidelity, the evaluation team recommended that district and school administration adopt a new walk through protocol and forms for documentation that addressed PBL. To ensure PBL implementation in each classroom, it was recommended the September 2019 | Volume 13 | Issue 2
The Impact of PBL as a STEM School Reform Model district require all classrooms to organize and decorate their rooms to foster PBL. Teachers were presented with the idea that if a PBL classroom was set up properly, an administrator should be able to visit an empty classroom and know that PBL was taking place simply by the artifacts displayed in the classroom. A common decoration format for a PBL wall was implemented in all classrooms at all grade levels. The wall was a dedicated space that included entry documents, know and need to knows, project calendars, check points, question parking lot, and student artifacts. These elements were added to the administrator walk-through procedure to verify the consistency of PBL in every class.
Benchmark 5.6 required implementing assessment protocols to inform instruction. This included developing PBL lessons that integrated a variety of assessment strategies to better inform instruction and prepare students for state exams. The district designated a member of the leadership team to work with teachers to embed formative assessments in all PBL lessons that were being delivered. In addition, a database of assessment items was created to document alignment with the new district scope and sequence and the state assessments. These items were also used to augment summative assessments created by teachers.
Effects of Implementing Evaluator Recommendations
The evaluators worked with district and campus level personnel to create district and individual school improvement plans. The improvement plans included the creation of a professional development plan to re-train and support all teachers in PBL. Teachers had already received significant training in PBL after they were initially hired; however, the followup support providing post-training had not been adequate. In the revised professional development plan, all teachers were required to complete two weeks of common PBL training annually. Newly hired teachers received an extra 2-week training period. Additionally, as a recruitment strategy, new teachers (when possible) were graduates of educator preparation programs that included PBL approaches.
To provide post-training support, the district invested in PBL coaches that would work alongside teachers throughout the school year. These instructional coaches were identified from within the district by the administration from the pool of existing teachers who had demonstrated they implemented PBL instruction in their classrooms with high levels of fidelity and whose students performed well on state assessments.
The district restructured the common planning time for all teachers. The common planning time was structured and facilitated by the coaches where teachers planned projects designed to improve school culture, student achievement, PBL instruction, and the development of 21 st -century skills.
To facilitate data-driven practices, the district invested additional resources into the use of data as a tool to improve outcomes. An administrator was reassigned to become the data manager for the district and assist teachers and administrators in using data to improve performance. Each semester included a data summit to help teachers focus on student data to plan interventions.
Over the next three years, these changes led to positive results. Table 4 shows the growth in state assessment scores before and after evaluation and implementation of the previously described recommendations. In 2013, the district ranked in the bottom 5% of school districts in the state. By 2018, the district ranked in the top 12% of school districts as measured by accountability tests. The evaluation team maintains a presence in the district to assist in monitoring success and to help identify challenges and solutions. Table 4 illustrates the impact of the intervention over the past five years. District test scores have shown continuous improvement. In contrast, during this same timeframe, the state average on assessments has remained constant or declined. Even though the academies are focused on STEM, all subject area assessments improved, and the district continues to outperform the state average on all assessments. In addition to better student achievement, there were other indicators of improvement. These included better student engagement, as measured by a decrease in the number of discipline referrals, and an increase in the attendance rate from 95% to 97%. September 2019 | Volume 13 | Issue 2
Discussion
Throughout the evaluation process, there were a number of challenges identified when implementing PBL. Implementing PBL requires teachers to reexamine their role in the classroom. Teachers must become coaches that facilitate knowledge. This shift from a teacher-centered classroom environment to a student-centered learning environment can be difficult for many teachers. Most teachers, when initially hired, are not prepared in PBL approaches, nor have they experienced PBL as a student in a classroom.
Fidelity was another area that merits additional investigation. In this evaluation project, it was clear that there was a lack of fidelity to the school model as outlined in the blueprint. There was also a lack of fidelity in the implementation of the PBL instructional model caused by a misalignment of district supports and the intended outcomes. When district support structures, such as walk-through forms, are not aligned with the PBL instructional model, it sent mixed messages to teachers. Once these structural and procedural issues were resolved, teachers were able to focus on implementation with fidelity.
There were two findings that merit additional investigation. One unanticipated outcome of implementing PBL in the district was the number of teachers that self-selected out of the district annually when they found the PBL approach to be too time intensive or in conflict with their personal teaching philosophy. Many teachers had experience using traditional pedagogies for fifteen years or more. Teachers indicated this made it harder to learn and implement an entirely new method of teaching.
These preliminary data suggest that new teachers adapt better to implementing PBL in the classroom. "New teacher" in this sense is not an indication of age, but rather refers to time since completion of an educator preparation program. In other words, teachers with less experience appeared to adapt better to PBL. This resulted in newly prepared teachers more often being retained by the district the following year. This was counter to the conventional wisdom that teachers with more classroom experience would have an easier time implementing new instructional strategies. There may be an optimum time in the career of a teacher to transition from traditional pedagogies to PBL. This is an area for further investigation.
